The multicenter study conducted by Lorente and coworkers published in the previous issue of Critical Care demonstrates that matrix metalloproteinase (MMP)-9 and MMP-10 and their inhibitor tissue inhibitor of matrix metalloproteinase-1 (TIMP-1) are promising novel biomarkers to predict severity and outcome of sepsis. In recent years MMPs have emerged as biomarkers in a variety of diseases, such as sepsis, coronary artery disease, cancer, heart failure, chronic lung disease and rheumatoid arthritis. MMPs constitute a family of proteinases that are expressed during developmental, physiological, and pathophysiological processes, for example as a response to infection. Excessive inflammation following infection may cause tissue damage, and MMPs are implicated in causing this immunopathology. The activity of MMPs is regulated by secretion of specific inhibitors (TIMPs). Studies using MMP inhibitors and MMP knockout mice indicate that MMPs play an essential role in infection and in the host response to infection. The measurement of MMP-9 and MMP-10 and their inhibitor TIMP-1 in the intensive care setting could be an attractive noninvasive tool for determination of outcome of septic patients.
Introduction
In the previous issue of Critical Care, Lorente and coworkers reported the results of a prospective cohort study evaluating matrix metalloproteinases (MMPs) and tissue inhibitors of metalloproteinases (TIMPs) as potential biomarkers for the determination of sepsis severity and for the prediction of mortality in septic patients [1] . The authors found that nonsurviving septic patients presented with lower MMP-9 levels, higher TIMP-1 levels and a lower MMP-9/TIMP-1 ratio. Moreover, they showed that TIMP-1 levels can predict the clinical outcome of septic patients and could be useful for risk stratification of patients with sepsis.
MMPs have been shown to be important in the pathogenesis and development of inflammatory diseases and are intimately involved in the regulation of the activities of cytokines and cytokine receptors [2] . Pathophysiologically, a successful eradication of infection by the host requires the influx of effector cells into the infected tissue, killing of the pathogen, resolution of inflammation and, finally, remodeling of the extracellular matrix. Excessive inflammation following infection may cause tissue damage, however, and MMPs are implicated in causing this immunopathology [3] .
Several mechanisms account for increased MMP and TIMP levels in the setting of sepsis. First of all, human neutrophils secrete gelatinase B (MMP-9) in vivo and in vitro in response to endotoxin and proinflammatory mediators such as TNFα or IL-8 [4] . Secondly, TIMP-1 can activate normal human granulocytes, protecting them from apoptosis and blocking their transmigration during inflammation [5] .
Elevated serum levels of MMPs have been described in some studies in response to endotoxin and proinflammatory mediators [4] , and MMPs can be considered as markers of inflammation in various diseases [6, 7] . Studies that investigate MMPs and their inhibitors in septic diseases are rare and have involved only limited numbers of patients. MMP-9 levels have been shown to be elevated in patients with severe sepsis compared with healthy control individuals [8, 9] . In a small study of 20 patients with septic shock, Nakamura and colleagues found elevated MMP-9 levels in nonsurvivors of severe sepsis as compared with survivors and healthy controls [10] . Unfortunately, Lorente and coworkers cannot confirm these results in their multicenter study [1] ; on the contrary, these authors show lower MMP-9 and a reduced MMP-9/TIMP-1 ratio in nonsurviving septic patients [1] . In accordance with a previous study [9] , the TIMP-1 values were higher in septic patients. Moreover, TIMP-1 levels were shown to have prognostic implications in severe septic patients as has been described before [1, 9] . Lorente and
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coworkers define an elevated risk of death in septic patients with a cut-off value >531 ng/ml for TIMP-1 according to their receiver operating curve analysis [1] . This result is quite different to another study in septic patients, which evaluated a cut-off value >3,200 ng/ml for TIMP [9] .
Importantly, Lorente and colleagues could show an association of MMP-9, MMP-10 and TIMP-1 with the severity of sepsis and a correlation of these parameters with markers of inflammation on the time of diagnosis of sepsis [1] , which was not demonstrated in a previous study in septic patients [9] .
A limitation of the study by Lorente and colleagues, however, is the lack of serial measurements of MMPs and TIMPs over several days, which could help to confirm the association between these markers with the severity of sepsis as assessed by the Sequential Organ Failure Assessment score and Acute Physiology and Chronic Health Evaluation score.
Matrix metalloproteinases and tissue inhibitors of metalloproteinases as biomarkers in the intensive care unit
Recent data and cumulative analysis indicate that biomarkers improve diagnosis of sepsis and may help to predict the prognosis of septic patients. Biomedical scientists are aggressively investigating biomarkers of disease and injury.
In the scene of sepsis biomarkers, C-reactive protein, IL-6 and procalcitonin are the most investigated markers in clinical trials. In recent published studies, procalcitonin is of better value for diagnosis and prognosis of sepsis when compared with markers such as C-reactive protein or with proinflammatory cytokines such as IL-6 [11] [12] [13] . There are additional new sepsis markers with so far limited clinical evidence, for example triggering receptor on myeloid cells or N-terminal pro-brain natriuretic peptide [14, 15] . Unfortunately, biomarkers rarely alter our clinical decision-making in severe sepsis as they are often nonspecific, lack adequate sensitivity and/or are difficult to measure and to interpret accurately.
Metalloproteinases and their inhibitors may represent a promising new class of biomarkers for the prognosis of severe sepsis patients. The development of specific inhibitors of MMPs [16] or TIMPs as a new class of drugs for sepsis therapy is challenging, and future clinical trials have to clarify their role within the treatment regime of septic patients.
Conclusion
The use of biomarkers may improve early diagnosis and therapy in critically ill patients, and may consecutively influence the morbidity and mortality of these patients.
The implementation of metalloproteinases and their inhibitors as new biomarkers for the severity of sepsis and for mortality in critically ill patients may provide promising decision support for the intensivist to guide the allocation of hospital resources. Additional larger studies are needed, however, to determine the cellular origin and the relevance of these enzymes in sepsis.
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